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Introduction
Can light be tamed? Can it be forced to follow a particular path or to 
change colour?  Which instrument do you think would be the most effec-
tive – a camera or the human eye?  
We invite you to find the answers through a series of entertaining expe-
riments: a game of mirrors in which you lose your head, the creation of 
coloured shadows and miniature rainbows, getting to the bottom of opti-
cal illusions. You will see light passing through the eye of a needle and 
even being forced to go round corners.  
Our circus of light will dazzle our visitors of all ages.  
Light, energy!
Since the end of the 19th century, thanks partly to the work of the phy-
sicists Michael Faraday and James Maxwell, we have known that light is 
a form of energy whose properties can be described by electromagnetic 
theory.This is because light is an electromagnetic wave similar to radio 
waves, X-rays and microwaves.They are all composed of magnetic and 
electric fields perpendicular to each other which propagate themselves 
through motion. Unlike mechanical waves (sound, sea waves, etc.) they 
do not need any support in order to reproduce and they travel at the 
speed of … light (about 300,000km/s in a vacuum).
Light, which occupies a wavelength (the distance between two wave 
crests) of between 400 and 800 nanometres, is the only electromagnetic 
wave that the human eye can see.  On one side are the shorter wave-
lengths such as ultraviolet, X-rays and gamma rays and on the other 
electromagnetic waves with greater wavelengths such as infrarouge and 
radio waves.  
Wave or particle?
The question of what is light divided scholars for a long time. Already in 
the 16th century the English scientist Isaac Newton, a particle partisan, 
was in disagreement with his Dutch contemporary Christian Huyghens 
who thought light moved like small waves. By the end of the 19th cen-
tury and into the 20th, Maxwell and Einstein had helped to show that 
there are two sides to light. It does move like a wave but, as soon as it is 
absorbed or emitted by matter, it behaves like a particle by exchanging 
packets of energy called “photons”. Thus, depending on which light phe-
nomenon you are describing, you imagine a wave or a particle.       
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Pathways of light
As light waves generally spread in a straight line, it is easy to give a geo-
metrical description of their trajectory. Because they are waves, their 
path is influenced by several phenomena:
-  reflection: light bounces or changes direction, at least partially, on a 
surface. This property is presented at this exhibition particularly by 
mirrors.
- diffraction: light usually moves in a straight line. However, it can be 
deviated when it passes through a narrow gap or it meets an obstacle 
in its path.
-   refraction: when the environment changes, light is slowed and diver-
ted, for example by water or glass.
When we speak of incident light we are referring to light which has come 
directly from the light source (as opposed to reflected light).   
Mirrors
When light touches the polished surface of a mirror, most of its rays 
are sent back at an angle identical to the initial one, obeying one of the 
fundamental laws of optics. When you look straight into a mirror you can 
look at an image which is similar to your appearance but inverted (left on 
the right and vice versa). The light rays which reach the mirror return to 
you symmetrically but reversed. 
However, if you look at a mirror from the side, you no longer see only 
your image but also images of objects whose light rays touch the mirror 
at an angle of incidence which is the same as yours.
Mirrors are constructed of a thin reflecting metal sheet protected by 
glass. In some optical instruments (telescopes for example), the metal 
layer is applied directly onto the glass.   Ganot, Cours de physique, Paris, 1866, bibliothèque MHS
Guillemin, Les phénomènes de la physique, Paris, 1869, bibliothèque MHS
Lenses
Usually made of transparent glass (or acrylic glass) a lens either col-
lects or disperses light rays which pass through it. When light arrives at 
the border between air and glass it is slowed and thus bends as it enters 
the new environment. Lenses are described according to their power to 
bend light rays. This is termed the focal length (the stronger the lens the 
greater the deviation of the light and the smaller the focal length).  
The prism
White light is the combination of all the colours. In order to separate 
them, the white light must pass through an essential piece of optical 
equipment: a prism. This is usually a triangular and transparent piece 
of glass. As light enters through one of the faces of the triangle it is 
refracted (deviated) and as it exits it is refracted again. As the refraction 
index is different for different light wavelengths, the prism separates the 
incident light into its different constituents. Blue is deviated more than 
yellow which is refracted more than red.   
Guillemin, Les phénomènes de la physique, Paris, 1869, bibliothèque MHS
Guillemin, Les phénomènes de la physique, Paris, 1869, bibliothèque MHS
The colours
Red, green and blue are known as the additive primary colours of light. 
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Seeing in colour
Our eye has two types of photosensitive cells: rods which are sensitive to 
light intensity and cones which recognise colour. There are three types of 
cone cells. The first is sensitive to red, the second to green and the third 
to blue. With these three receptors we can perceive all shades of colour. 
This is the reason why red, green and blue are defined as the additive 
primary colours of light. When red, blue and green light up a screen, we 
see white because all three receptors are stimulated equally.
Only electromagnetic wavelengths of between 390 and 780 nanometres 
are visible to the human eye. Between 390 and 490 nm, the eye perceives 
blue, between 500 and 570 nm green, between 570 to 630 nm yellow, 
between 660 to 730 nm orange and between 750 to 780 nm red.  
You can create all other colours by mixing the three primary additive co-
lours (red, green and blue). For example, when you switch on the green 
and red spots you create a new (secondary) colour: yellow. If you then 
add blue, white appears. Here are the colours that it is possible to make 
with the three spots :
If we place an opaque object between the spots and the screen, we get a 
coloured shadow. The object prevents certain rays of light reaching the 
screen so the shadow takes on the secondary colour.  
Example: if the light from the red spot is blocked by the object, the colour 
of the shadow becomes cyan (a combination of green and blue).    
 The human eye
The human eye is a marvelous optical machine.  
Light passes across the cornea, a curved transparent membrane which 
protects the eye and works like a lens, and enters the eye via the pupil 
the diameter of which is controlled by the muscles of the iris. It then 
passes through the christalline lens which is flexible so that it can be 
contracted or expanded by muscles to accommodate our long or short 
vision. 
Having travelled through the transparent parts of the eye, light reaches 
its inner surface, the retina. The retina is lined with photoreceptors cal-
led cones (7 million in each eye) and rods (120 million in each eye) which 
transmit, via the optic nerve, information about colour and light intensity 
to the brain.  
Green and red = yellow  
Red and blue = magenta
Blue and green = cyan
Red and green and blue = white
The human eye vs the camera
However sophisticated they are, cameras can still do no more than re-
produce the functions of a human eye.  
Light crosses two lenses in our eyes, the crystalline (4) and the cornea 
(1), before striking the retina (5) which collects it. The retina is cove-
red with nerve endings which transmit signals to the brain via the optic 
nerve (6). The image, inverted on the retina, is restored by the brain to its 
correct orientation.
The iris (3) gives the eye its colour and also acts as a diaphragm. It 
shrinks in the presence of abundant light and expands in darkness.
Sharp images from all directions
Focus stacking or hyper focus
Depth of field is all the distances at which objects appear sharply defined 
by a given optical system.  
Try the following experiment: 
Raise your arm and block part of a scene in front of you with your hand. 
Focus on the hand then look at the scene (if you close one eye the effect 
is more marked): your hand is sharp but the background is blurred. Now 
do the opposite: the scene is sharp but your hand is blurred.
What is happening? The muscles in the eye stretch the crystalline lens 
and thus modify the depth of field in relation to the distance of the object 
being observed. This process, known as accommodation, is continuous 
and practically instantaneous. It allows us to see everything we look at 
in focus.  
Cameras cannot achieve accommodation during the time required to take 
a photo.  Depth of field is therefore achieved for each photo by different 
adjustments and by the specific characteristics of a camera and lens. It 
depends on regulating the focus (the distance between the lenses), the 
focal distance (the distance between the optical centre of the lens and 
the image sensor) and the aperture (the diameter of the diaphragm).  
With the advent of digital photography, it became possible to overcome 
this constraint by assembling several photos of the same object taken 
from different points.  
Taking photos into the light
High-dynamic-range imaging or HDR
The dynamic range of luminosity is the total variation in the quantity of 
light which an optical system is able to perceive.   
Our eye has a very wide dynamic range. Even against the light, we can 
see details of a face. The eye is able to adjust the amount of light it re-
ceives very quickly in order to stay within the dynamic luminosity range. 
This is achieved by the iris which continuously adjusts the size of the 
pupil thereby lowering or raising the amount of light entering the eye in 
order to remain within the range. In addition, in dim light, we produce a 
protein called rhodopsin which further increases the sensitivity of the 
rods (this is why it takes a few minutes for our sight to become adjusted 
to the dark).
The captors of digital cameras do not have such a large dynamic range. 
Thus, against the light, they cannot capture all the colour tones of 
a scene. We get under - or overexposed parts of the image which are 
either only black or only white. In order to address this problem, it is 
possible to combine several photos of the same object but taken with 
different exposures, to reproduce the full range of light. It is this process, 
high-dynamic-range imaging or HDR.
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List of experiments
The periscope : Peeping over walls
The “neckscope”: Eyes in the back of your head
Seeing through walls : What to do
The multiplier of dwarves :Two mirrors become a 
kaleidoscope
The light trap : Infinite reflections
The mirror trap :The reproducer of images
The reflector : Always facing forwards
The reflector strip : Seen from every direction
The kaleidoscope : Combined images multiplied
The anamorphose :The image restorer
Superman : Fly like a superhero
The unsilvered mirror : See without being seen
The luminous fountain : Making light 
bend
The pinhole camera : An inverted 
image of the visible
The camera obscura :The darkroom
The light flipper : Play with light rays
The water lens : Divert and concentrate 
light
Coloured shadows
Additive colours : Create white light
Subtractive colours : Printing colours
The distoscope : Estimating distances
The thaumatotrope : The prisoner in the cell
The zoetrope :The animated cartoon
